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Introduction 
Namibian rangelands, which occupy roughly 50 % of the land and are used for livestock farming (MEA 2005), 
are a prime example of tightly coupled social-ecological systems (SES) in drylands. During the last decades, 
rangeland desertification with the loss of perennial grasses and increasing bush encroachment (D’Odorico et 
al. 2013) threatens the fodder resources of livestock and game. The loss of these valuable ecosystem services 
directly affects farmers’ livelihood and diminishes farm income in the long term. Although, pastoralists and 
farmers are aware of unpredictable and insufficient rainfall and have adapted their management during history, 
the impact of droughts is becoming increasingly severe in the face of looming desertification. Improving our 
understanding of the capacity to cope with desertification risks is essential to sustain this SES. We therefore 
aim to explore the historical context of desertification, farmers’ perceptions on desertification and the resulting 
adaptation measures to desertification. Our study region comprises semi-arid rangelands of the Greater 
Waterberg Landscape, approx. 250 km north of Windhoek. We focussed on commercial land that has been 
exclusively managed by property-owning freehold farmers (FF) for decades. To gain insights on local 
knowledge and practices, land use changes and farm characteristics in the past and present, a mixed method 
approach was used, comprising semi-structured interviews, focus group discussions and remote sensing 
techniques in order to capture both social and ecological dynamics and to be able to relate them to each other 
in space and time. 
Materials and Methods  
Semi-structured interviews with FF (n =10) were conducted to analyse the historical context, social drivers, 
and effects of desertification. The interview guideline contained questions centred on farm characteristics, 
rangeland management and connected problems, characteristics of desertification processes in pastureland and 
farmers' strategies to cope with desertification (current and past). Qualitative in-depth interviews were 
conducted with FF to gain insights into farmers’ perceptions on causes and effects of desertification and depict 
the causal relations between elements in a fuzzy cognitive map (FCM). We used the FCM approach of Özesmi 
and Özesmi (2004) and finally merged the resulting FCMs into a single augmented representation. 
Furthermore, focus group discussions with Namibian rangeland experts were conducted to discuss and assess 
strategies to combat desertification. 
To analyse land use and land cover changes on commercial farms over the past 50 years, historical 
panchromatic Corona images (KH-4A, Dashora et al. 2007) from August 1972 and a recent Sentinel 2 image 
from August 2019 were acquired from the United States Geological Survey. An object-based classification 
approach was applied within ArcGIS 10.6 (ESRI Inc., Redlands, CA, USA) using simplified land cover classes 
(woodland, shrub dominated savannah, grass dominated savannah, barren land, and water areas). Image 
segmentation was performed using the mean shift algorithm. Training data for the different land cover 
categories was identified for each segmented image and subsequently used for supervised classification with 
the Random Forest method (Breiman 2001) using 100 trees and 50 bootstrap samples. To account for changes 
in land use, we further digitized the visible agricultural fields and camp areas on the original images for 1972 
and 2019 and compared their changes.  
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Results and Discussion 
The average farm size of FF was 12,062 ha with a mean cattle number of 626. An overview of the different 
activities contributing to farm income showed a strong diversification of farmers' income and a high 
heterogeneity in the operational orientation of the interviewed farmers in the Waterberg Landscape area (from 
pure cattle farms to game farms and guest farms with few or no cattle left). Depending on the operational 
orientation of the farms, different pasture management strategies were applied (stocking density, rotation rules, 
camp size, resting periods for camps). The majority of FF already experienced desertification in the past and 
reported a decrease in grass biomass. FF had a very complex view on causes and effects of desertification, 
which is mostly in line with the scientific view. According to the FF, especially higher stocking densities in 
the past led to overgrazing, which accompanied with frequent drought events triggered desertification 
processes. FF particularly highlighted bush encroachment on pastureland and the loss of perennial grass cover 
as severe desertification effects (Figure 1).   
 
Figure 1. Fuzzy cognitive map (FCM) of freehold farmers’ perception on causes (white boxes) and effects 
(grey boxes) of desertification in the Greater Waterberg Landscape of Namibia. The connections between the 
components (arrows) show direction and type of influence. Grey lines indicate positive relationships and black 
lines represent negative relationships between components. Line thickness indicates how often the factor was 
mentioned by respondents. 
Among the most important changes on farms over the past 50 years are the decline of cattle numbers, the 
abandonment of sheep and goat husbandry, and the diversification of farm income through alternative 
activities. FF income portfolios have been substantially diversified away from livestock production. Land 
cover and land use classification results revealed an increase of shrub dominated savannah on rangeland areas 
from 650 km² in 1972 to 757 km² in 2019 as a result of bush encroachment, whereas woodland decreased by 
28 km². The overall trend of shrub cover varied between and within FF with bush encroachment observed on 
65 % of camps as well as a shrub decrease due to de-bushing measures on 35 % of the camps.  Compared to 
the past, the number of camps on pastureland increased and nearly doubled from 1972 to 2019 signifying a 
decrease in area of the pasture management units. Compared to 1972, when crop production was a relatively 
successful enterprise (Fuller 1993), almost all agricultural fields disappeared until 2019.  
FF apply short-term risk coping strategies as immediate response to drought that include the reduction of 
livestock numbers, dodge to reserve camps or the use of supplementary fodder (Figure 2). The latter includes 
the use of bush feed, which comprises both, purchased feed pellets and bush feed originated from own 
production using a wide variety of processing techniques. In total, 73 % of the farmers reported that the grass 
biomass is declining and that they are increasingly switching to alternative feeding strategies. Recently 
implemented long-term risk mitigation strategies in response to dwindling fodder resources due to 
desertification comprise income diversification and investments in restoring rangelands (e.g. bush control, also 
combined with the production and use of bush feed, holistic management). In contrast to farmers practice, the 
experts rated governance measures as one of the most important long-term risk mitigation strategy. 
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Figure 2. Short-term risk coping strategies and long-term risk mitigation strategies to desertification in the 
Greater Waterberg Landscape in Namibia practiced by farmers (n = 10) and rated as important by experts (n 
= 15) during focus group discussion (% of respondents). 
Conclusions 
Long-term risk mitigation strategies to combat desertification have the potential to reduce or even halt 
desertification. However, there is an urgent need to explore the constraints of their implementation to guide 
and promote proactive management through appropriate methods of knowledge transfer that bridge the gap 
between science and practice. To ensure that farmers can better cope with future challenges, current practices 
need to be considered and farmers’ and experts’ knowledge should be better integrated. In this context, the 
capability of FCM to depict FF’ perceptions and knowledge in a structured way contributes to detect 
knowledge gaps to constructively work through.  
Acknowledgements 
We acknowledge the financial support from the German Federal Ministry of Education and Research 
(http://www.bmbf.de/en/) via the “NamTip” project (grant 01LC1821E) within the BioTip Program. 
References 
Breiman, L. 2001. Random forests. Mach. Learn. 45: 5–32. 
Comaniciu, D. and Meer, P. 2002. Mean shift: a robust approach toward feature space analysis. IEEE Transactions on 
Pattern Analysis and Machine Intelligence 24(5): 603–619.  
Dashora, A., Lohani, B. and Malik, J.N. 2007. A repository of earth resource information—CORONA satellite 
programme. Current Science 92(7): 926–932. 
D’Odorico, P., Bhattachan, A., Davis, K. F., Ravi, S. and Runyan, C.W. 2013. Global desertification: Drivers and 
feedbacks. Advances in Water Resources 51: 326–344.  
Fuller, B.B. 1993. Institutional appropriation and social change among agropastoralists in central Namibia. Unpubl. 
PhD thesis, Boston University, Boston, Mass. 213 p. 
MEA (Millenium Ecosystem Assessment) 2005. Chapter 22: Dryland systems. In: Hassan, R, Scholes, R. and Ash, N 
(eds.), Ecosystems and Human Well-Being: Ecosystems and Human Well-being, Volume 1. Group Island Press, 
Washington, Covelo, London, pp 625-661. 
Özesmi, U. and Özesmi, S.L. 2004. Ecological models based on people’s knowledge: a multi-step fuzzy cognitive 
mapping approach. Ecological modelling 176: 43-64. 
 
